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Little is known of the composition of the neutral particle flux released 
during the electrical breakdown of polymer films* Mass spe«troroetric analysis 
of the particles is unusually difficult because of the transient nature of the 
event, the unpredictability of its exact position and timing, and the very large 
amount of information generated in a period as short as one microsecond* A 
special type of time-of— flight mass spectrometer triggered from the breakdown 
event has been developed to study this problem. Charge is fed onto a metal- 
backed polymer surface by a movable smooth platinum contact. A slowly increasing 
potential from a high-impedance source is applied to the contact until break- 
down occurs. The breakdown characteristics can be made similar to those pro- 
duced by an electron beam charging system operating at similar potentials. With 
this apparatus it has been shown that intense instantaneous fluxes of neutral 
particles are released from the sites of breakdown events. For Teflon FEP films 
of 50 and 75 microns thickness the material released consists almost entirely 
of fluorocarbon fragments, some of them having masses greater than 350 amu 
(atomic mass units), while the material released from a 50 micron Kapton film 
consists mainly of light hydrocarbons with masses at or below 44 amu, with 
additional carbon monoxide and carbon dioxide. The apparatus is being modified 
to allow electron beam charging of the samples. 


INTRODUCTION 


Because of the scarcity of data on the composition of the neutral and ion 
fluxes from dielectric breakdown events on spacecraft, mass spectrometric anal- 
yses of these fluxes are particularly important. 

Mass analysis of particles from an electrical breakdown involves a partic- 
ularly difficult set of constraints. The event occurs essentially at a point 
in space and at an instant in time. The exact position and timing of the event 
are not known in advance. The event produces a swarm of neutral molecules, 
molecular clusters and ions of different masses which radiate from the breakdown 
site over a wide range of speeds and directions. At a distance greater than 
a few cm from the breakdown site the particle number density is likely to be 
quite low and falling rapidly because of both speed variations and angular 
dispersion. The expanding gas and ion burst will pass any given point in a 
time much shorter than the time taken for any conventional mass spectrometer 
to scan once through its mass range. 
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The difficult experimental conditions listed above make in essential to use 
a mass spectrometer in which a maximum amount of Output data can- be obtained in 

PO r ib i? t im .: ThlS ef£ectivel * Tirol to* the choice of spectrometer 
recorHprf J*hose In which all of the ions leaving the ion source become part of a 
i ccorded output signal. It was decided that a specially designed timc-of-f light 
mass-spectrometer offered tho-most coot-efi active solution. J 


MASS SPECTROMETER 

The tlme-of- flight mass spectrometer mid the vacuum chamber used for it R 

n* p :r ac ? n 8h r ln i - xhe puised i> B i8 

source S }"? ra °T« cule a are ionized by an electron beam inside the ion 

source and the resulting ions are accelerated in approximately monoenerretie 
bunches into the flight tube. The ions therefore reach the ion detector in 
ascending order of mass, according to the formula 


t«s(m/2eV) 1 '' 2 


TlllL ttL 1 f ^ f thrOUSh the fUeht tube » 8 is the iength of the 
Mffll b V S l U \ e 10,1 mass » e ls the lon charge, and V is the potential 

Jibe InH C Ui r6US 1 ^ the i0ns fal1 inside the source. With a 115cm flight 

i>otentlal ' ti,e tuei,t tims •* - ** — wo 

mu- of cylindrical lens focuses the ion beam and centers it on the in- 

fhan ft T l ,e fUSht tUbe iS °P erated ground potential, rather 

fo minLJ P° tenti oTs os in most time-of- flight mass spectrometers, in order 
to minimize electrostatic interactions with the sample charging apparatus An 
electron multiplier ion detector is used for high sensitivity Ld’fKt ^ponse. 

trirt„} t J°i 1 ? WS i fr6 ? the u e( l uatl °« ^r the flight time of an ion that the elec- 
spectra 18 » 1S lea * in f the ion detector represent a series of complete mass 

fumhfr ’f 1 one havin 8 the corresponding source pulse at its t=0 point. Any 

manJ L°Ln U ! CeS f 6 8 P ec ff a can be displayed, from a single spectrum up to as 
f. pectra per millisecond. A typical mass spectrum of residual gases 

fl L‘:/ aC T Cham r er iS ShOWh in Fisure 2 ’ S P ecia£ toques are neededlfr 
for nf 1 ? rei> ® tition Intervals faster than the ion flight times (ref. 2) and 
for displaying the rapidly-changing spectra (refs. 3, 4). 

a n “ aSS was ^TgTnnlly intended for remote operation inside 

tron hrt^’ f pac ? simu£atioh chamber which already contained the necessary elec- 
changed when 8 ?? 1118 *!?■ sam P le roonitoring equipment. These plans had to be 

fSl muuffuer inTTt . ^ the °P erational lifetime of the sensitive 
because of f d ° tector was unacceptably short in this chamber, apparently 

pumped vacuuf s^urn? ° ^ t0 the eari y histor y o£ diffusion- 

done in P t^ l rfrn edC8i f T “ ade allbW ^Tectrical breakdown experiments to be 
devoid * b ?" molecular -Pumped chamber which had been used for the original 

(£ i B - 3) - This eoi '' ed the “ u 

P ooiem but imposed other difficulties because of the small volume and pumping 
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capacity. The first experiments have been done with a simple contact device feed- 
ing charge onto the insulating surface. At the same time a miniaturized electron 
beam- charging system Is being developed. 


D 1 REGT-CONTAGT experiments 

Figure 4 shows the charging apparatus. Electrons are fed onto the insulating 
surfaces from a smooth platinum contact. A slowly increasing negative potent a 
from a high-impedance, low-capacitance source is applied to the contact unti 
breakdown occurs. The sample is held in place on a perforated, rotatable 9cm 
disc by a circumferential retaining ritig* 

The discharge current waveforms, peak currents, and surface damage character- 
istics obtained with this apparatus can be made similar to those produced by a 
high-voltage electron beam charging system by choosing a suitable length (about 
45 cm) of coaxial cable as an energy storage line. A useful feature is that,, by 
progressively rotating the sample beneath the contact, the observed gas bursts can 
be correlated with actual discharge sites left behind on the sample, which can 
then be removed- and observed under an optical or electron microscope. Discharges 
normally occur within about 4mm of the contact. Few occur directly beneath the 
contact. Breakdown voltages are similar to those obtained with a monoenergetic 
electron beam charging system. 

The samples tested in the direct-contact experiments were Teflon FEP and 
Kapton H films of 50 and 75 micron thicknesses. They were metallized on one 
side with silver overlaid by an Inconel protective coating. No adhesive backing 

was used. 

The first tests with Teflon samples showed that an intense burst of neutral 
fragments was being released from each discha-ge. A large number of peaks repre- 
senting Teflon fragments of tne form C x F y could be seen in each mass spectrum. 

The variation with time of the number density of these Teflon fragments was 
obtained by using the mass peak amplitude signals to intensify a cathode-ray 
oscilloscope trace, producing an array of dots. By deflecting this display down- 
wards, a semiquantitative indication of the various changes in number densities 
was obtained. Such a display is shown in Figure 5 with the major peaks identi- 
fied. A background spectrum is included for comparison. 

Close examination of these and other similar records showed that release of 
neutral particles often began just before breakdown with production of hydrocarbons, 
followed by a burst of fluorocarbons during the actual breakdown. Hydrocarbons are 
visible in the lower left photograph In Figure 5. Both hydrocarbon and fluorocarbon 
concentrations then fall witn a time constant of about 120 msec, determined by the 
volume and pumping speed of the vacuum system. The hydrocarbon peaks * r * P r ? b * bl J 
caused by adsorbed surface impurities. Further work is required to establish their 

origins. 

The most intense fluorocarbon peak corresponds to CF 3 but ions up to and 
bey • *'d C F * are present. Switching off the ionizing electron beam in the mass 
spe .rometer ion source causes these peaks to disappear, showing that they are 
lot ization products of even larger neutral fragments and not ions released direct y 
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i^the^mass spectt^of th^heaviesf Jf®*® i0nS Were observed than are present 

available (? F„ >T^t f ° r whic * P ubUshad - data a?e 
greater than ^ ^ 

back-1 na^was'lns tailed fn & ItllZ * 50 *«•* ^apton- film with metal 
was begun.. Results were very different*** The"*! J f breakdown - measurements 

»ents, giving rise to mass spectra^ contiinw ST P roduced °«ly light frag- 
shown, in the intensity-modulated spectrum of FlgureTTtT * 28 ’ T as 
4 A peak represents CO* and C,Hi- mass 28 is J' IJ+ It a PP ears that the mass 

U should ho noted this Kap t 3S $ ^Lfo l s 8 u S“ t r^l;„?1 t ““ “ “ “5 ’ 

than with Teflon! raakd ° U " voltases were ll tgher for a given thickness el Kapten 

"any om£ obs^eVf ragSlons^Uome^ 11 th" 0 " a " d Kapt °- Ihe of 

by electron bombardnenk ol “Jen ?ar«r^ 1 * "“ SS s P e<: trometer Ion source 
charge) are obvious! 8 P y “ 6r fras " ents released by the dls- 


HIGH SPEED RECORDING 

High— resolution mass spectra are aenpraf-od _ . , 

(up to 10 /sec-) that even modern diaitai r a UCb 3 rat6 ln this experiment 
following complex events Photoeranhi ^ Reorders are barely adequate for 
sivoly to date. Exiles !h! w , techlll 1" es have been used almost exclu- 

6. When quantitative measurements 1 d SP i a, a tiemes 5 and 

display is used as in Figures 8 and 9 P H er(S c 8ht f desired an offset raster 
(in this case 16 per group) are suDerimoosed uccessive conventional mass spectra 
oscilloscope trace moves upwards and t/hh d “T °" e another » af ter which the 
Figure 8 shows the backgro^d gases in tJe a^ g t T T play ° f the n6xt **»P. 
shows the burst of light gases and noLm^ t * ° f breakdovm * a "d Figure 9 
micron Kapton film. P y fragments from the breakdown of a 50 


ADDITIONAL RESULTS 


described above. ^The^igure^lso Shcw^f iveTd — Ult ? ° f the ex P eriments 
identified and studied. f additional phenomena which have been 


were t^glS at TslZZTlt ToZsZ ZZZl'T^T 

occurred were operating a! tlle “«»»•«, discharge 

difference. IrlggeE^ Is X^y cao^d bf^rr 1 "^^ 0 ™ ' K>te ” tlal 
material from the polymer breakdown site The^ff burst neutral a « d ionized 
Kapton, but this has not been checked Thl« ffect P robab ly occurs also with 
electron beam and direct charging of ihe sample? n0men ° n ® bee " ® 6en Wlth both 
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Direct transfer of Teflon fragments is obviously likely because of the ); 

large fragments observed in the mass spectrum. It has been confirmed by the 
formation of insulating layers near the breakdown site and by instantaneous 
changes in the secondary electron emission coefficient of surfaces up to 100cm 
away. Partial recovery occurs over a- period of several days. The effect does 
not appear to occur with Kapton, but this point needs further study. 

Indirect transfer of Teflon-has similar-effects^ It appears to be the result 
of Teflon, fragments striking an intervening surface and then being almost instan- 
taneously re-emitted into areas which are not on a direct line of sight from the 
discharge. 

i 

Removal of metal from the backing film was detected with Kapton samples. In J 

some cases the Kapton film remained Intact above the damage site. The effect is 
originally observable only under magnification but after several months in air ' 

the holes are easily visible with the naked eye because of local discoloration of 
the Kapton. 

Photon-induced desorption and electron-induced desorption of adsorbed gases -j 

from surfaces near discharge sites are to be expected and have been observed. The 
effect is not directly linked with the presence of a polymer film, since any spark ; 

could supply the necessary photons and electrons. The effect is about one order > 

of magnitude smaller than the direct gas evolution from polymer film breakdowns. 

CONCLUSIONS 

l 

Many of the phenomena listed in Figure 10 could have significant effects on ! 

spacecraft surfaces. Jets of heavy polymer fragments from Teflon dj.scharge sites f 

could form insulating layers on adjacent electrodes, could act as triggers for -j 

gas discharges, and could change the secondary electron emission properties of * 

distant surfaces. The much lighter fragments from Kapton may also be capable of j 

triggering remote discharges. The ejection of material from the conducting back— j 

ing of polymer films may result in metallic contamination of nearby insulation. ! 

Photon-induced and electron-induced desorption of gas from surfaces adjacent to a i 

discharge" site also occurs and adds to the intensity of the observed neutral- 
particle pulses. 

{ • 
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Figure 3. - General layout of vacuum system. 
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Figure 4. - Point-contact surface breakdown apparatus. 
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Upper Left: Background spectrum, no breakdown. 9xl0" 8 Torr. 

Upper Right: Breakdown at 13 kV. Approx. 0.01 J. 

Lower Left: Breakdown at 16 kV. Multiple strike. 

Lower Right: Continuous discharge through spark-damaged area of surface at 12-13 (cV 
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Figure 6 . - Intensity-modulated raster display for breakdown of 50 micron Kapton 
film at 18 kV. Main peaks 44 (CO 2 , C 3 H 8 + ), 28 (C0 + , C 2 H 4 ), 15 (CH 3 ). 



Figure 7. - Polymer structures. Hydrogen bonds omitted in Kapton structure for 
clarity. 
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Figure 8. - Background gas spectrum (no discharge), 
display, 16 spectra per t ra ce. 
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Figure 9. - Contact discharge through 50y Kaptcm film at 16 kV. Offset multi- 


trace raster display, 16 spectra per trace. 
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PHENOMENON _ POEVMEO SYMBOUJLJlEPJlESEHUtlON COMMENTS 
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Figure 10. -Neutral-particle phenomena observed during electrical breakdown of 
polymer films (contact charging). Insulating side of metal-backed polymer 
films indicated by (P). 
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